Objective: To determine risk factors associated with their length of hospital stay in admitted patients with psychotropic drug overdose.
INTRODUCTION
Problems related to intentional drug overdose (DO) are as common as in Tokyo, Japan, as in urban cities of other developed countries [1] [2] [3] . Patients with DO in other countries are involved with analgesics such as acetaminophen, opioids such as heroin and psychostimulants such as cocaine [4, 5] , while patients with intentional drug overdose in Japan are usually involved with psychotropic drugs such as benzodiazepines, although there were no reports of epidemiology about patients with DO. Most episodes of DO in Japan are from psychotropic drugs and lead to presentation to emergency departments (ED) and admission to acute care hospitals. According to the database of Tokyo Fire Department managed by Tokyo prefecture government, 7152 patients with DO were identified in 2005 over an entire metropolitan area (unpublished data). These patients form a significant part of the workloads of urban EDs. Reports from the UK have also indicated that the similar degree of heavy workloads is expended for acute care DO patients [6, 7] .
Although patients with DO are frequently admitted to a hospital, often no specific treatment is provided except for close observation of their vital signs and level of *Address correspondence to this author at the Department of Emergency and Critical Care Medicine, St. Luke's International Hospital, 9-1 Akashicho, Chuo-city, Tokyo, 104-8560, Japan; Tel: +81 (03) 3541-5151; Fax: +81 (03) 5550-2051; E-mail: mican-philia@sunny.ocn.ne.jp consciousness [8] . The drugs such as benzodiazepines do not usually damage vital organs of patients, although they lower a level of their consciousness by suppressing central nervous systems [5] . Recent evidence-based recommendations for treatment of DO patients suggested respiratory support and tracheal intubation with mechanical ventilation for patients with respiratory suppression and no gastric lavage or ipecac emetics for most patients [9, 10] . Indeed, if admitted without complications, many DO patients will be discharged in a few days. However, the individual variations for durations of this medical observation are large [11] . Large costs and medical resources are needed for caring these patients with longer hospital stay [12] [13] [14] .
Previous studies have developed the models to predict whether those patients would need inpatient admission or would need specific treatment [15, 16] . However, there have been few studies to investigate risk factors associated with prolonged length of hospital stay (LOS) in patients who admitted to hospitals from ED. Thus, our aim in this study was to identify significant risk factors influencing a length of hospital stay in DO patients based on initial clinical data including demographics, vital and physical signs, and simple laboratory data. To our knowledge, this may be the first study to determine significant risk factors for prolonged LOS for DO patients.
MATERIAL AND METHODOLOGY

Study Subjects
We reviewed the medical records of 140 consecutive DO patients who were admitted to St. Luke's International Hospital in Tokyo, Japan, from July 1, 2005 to July 31, 2006. This institution is an urban community teaching hospital which provides primary to tertiary care to a population of about 97 thousands. The inclusion criteria for study subjects were: 1) DO of a psychotropic drug as defined as any drug capable of affecting the mind, emotions, and behavior, 2) inpatient admission through the ED. The exclusion criteria were: 1) poisoning from pesticide, insecticide, toxic gas, carbon monoxide, fumes, hydrocarbons, and other chemical substances, 2) multiple trauma, 3) cardiopulmonary arrest on arrival to the ED, and 3) iatrogenic drug overdose. Prior approval from the Institutional Review Board of St. Luke's International Hospital was obtained.
Data Collection
We collected data from the emergency department data registry and in-patients' medical record with discharge diagnosis of DO. We identified the ingested psychotropic drugs also from the medical charts. The clinical staff in this hospital collected data for the drug ingredients by analyzing and counting the number of empty PTP (Press through Package) sheets of the drugs. We collected data for demographics, initial vital signs (blood pressure [BP] , heart rate [HR], respiratory rate, and body temperature) and Glasgow Coma Scale (GCS). Initial laboratory data (standard protocol for altered mental status) included complete blood count (white blood count [WBC], hemoglobin, and hematocrit), blood chemistry (sodium, potassium, and creatinine), arterial blood gas (pH, PaCO 2 , and PaO 2 ). The main outcome measure was inpatient LOS in this study and was calculated by subtracting day of admission from day of discharge.
Statistical Analysis
We calculated descriptive statistics for demographics, vital signs and physical findings and laboratory data. We constructed a stepwise multivariable adjusted linear regression model to determine significant factors for a prolonged LOS. A stepwise procedure was involved with likelihood ratio test methods with a variable entry at p<0.05 and a variable exclusion at p>0.10. Beta coefficients of each covariate were determined with 95% confidence intervals (CI) for each unit change of continuous variables. For blood leukocyte, we divided the count per mm 3 by 100 to obtain comparative values for a beta coefficient.
Next, we performed a recursive partitioning analysis to determine the most important variable among the significant factors for a prolonged hospital stay of 3 days or greater. Ten-fold cross validation method was used for internal validation of the classification tree. All p values were two sided and p<0.05 was considered statistically significant. All analyses were performed using SPSS version 15.0J (SPSSJapan, Tokyo, Japan).
RESULTS
We identified a total of 140 patients with intentional DO who were admitted to the hospital. The mean age was 35.3 with a standard deviation of 14.8. Seventy-eight percent were women. Ninety-seven percent of these patients were transported to the ED by ambulance. Table 1 shows the frequently ingested psychotropic drugs including: benzodiazepines (n = 104); phenothiazines (n = 34); selective serotonin reuptake inhibitors (n = 23); non-benzodiazepine sedatives (n = 20); tricyclic antidepressants (n = 18); barbiturates (n = 16); anticholinergics (n = 16); benzamides (n = 14); antihistamines (n = 14); serotonin dopamine antagonists (n = 11); serotonin-noradrenaline reuptake inhibitor (n = 10); and antipsychotics (n = 10). Some patients had ingested more than one type of these medications. A few patients had imbibed alcoholic beverages along with these medications. Some patients ingested more than one type of the drug. Table 2 presents clinical characteristics of patients with DO. The mean Glasgow Coma Scale was 10 with a standard deviation of 4.4. The mean length of hospital stay was 2.87 days with a range of 1 to 17. Seventy-nine percent (110/140) of patients were discharged from the hospital within 3 days, while 6% (8/140) of patients were hospitalized for 7 days or more. Most patients were discharged from the hospital soon after restoration of their usual consciousness levels (Glasgow Coma Scale = 15) along with the follow-up psychiatric outpatient appointments.
Systemic complications occurred in 12 of 140 patients (8.6%). They included: aspiration pneumonia in 6 patients; airway compromise or respiratory suppression in 4; acute renal failure in 2; and, severe rhabdomyolysis in 1. All patients discharged within 3 days after the admission remained asymptomatic for the following month. Using a stepwise linear regression model, significant risk factors of prolonged LOS were the following ( Table 3) : 1) older age (beta coefficient 0.049; 95%CI, 0.026, 0.071), 2) increased heart rate (beta 0.020; 95%CI, 0.002, 0.038), 3) lower diastolic blood pressure (beta -0.062; 95%CI, -0.087, -0.038), 4) lower Glasgow Coma Scale (beta -0.094; 95%CI, -0.170, -0.019), and higher leukocyte count /100 (beta 0.014; 95%CI, 0.004, 0.023). We constructed a prediction model including the above parameters along with an intercept of 3.517 in a multiple linear regression. The final model was as follows:
Predicted length of hospital stay (days) = The adjusted R square of this model was 0.391 ± 1.839 (standard deviation). The mean WBC in patients with aspiration pneumonia was 14,667, which was higher than that of patients without aspiration pneumonia. Table 4 presents distributions of the significant risk factors influencing LOS in DO patients based on the mean number of LOS (3 days). Based on a recursive partitioning analysis with internal cross-validation, WBC 12,900 was identified as a cutoff level at risk for prolonged LOS of 3 days. Among the high risk group with WBC 12,900 (n = 13; 9.4% of all patients), 69.2% of them had stayed for more than 3 days in the hospital. Among the low risk group with WBC of 12,900 (n = 125; 90.6% of all patients), only 16.8% of had stayed for more than 3 days.
DISCUSSION
The results of our study indicated that there was an increased risk for a prolonged hospital admission in patients with DO who present with the following clinical findings: older age, increased heart rate, lower blood pressure, altered mental status and elevated WBC. Among these clinical variables, increased WBC may be used as the most important predictor for a prolonged LOS. Since the cause of a longer hospitalization in these patients is usually related to various complications, these risk factors may be considered as factors associated with the increased complication rate in patients with psychotropic DO.
Although DO is commonly recognized among the young people in Japan as well as in other countries [17] , we found that older age was a risk factor for a prolonged LOS in the geriatric population, likely due to increased concentration of the drug from a delayed clearance and its longer half-life from age-related renal hypo-function and from increased percentage of body adipose tissue. Moreover, central nervous system capacity to regain a recovery of the consciousness in older persons may be lower than that of the young. One report in Japan also found that patients with DO over 45 years old may be at risk for a completed suicide than the younger [13] . The results of this study also indicated that increased HR at admission was a risk factor for a prolonged LOS. The increased HR may reflect the presence of systemic complications such as dehydration or concomitant infection. In addition, this may be an indicator for the cardiotoxic effects from the ingested drug itself. Both the systemic complications and the cardiotoxic states may explain the delayed recovery in these patients. The prediction rules developed in previous studies for patients with opioid DO also identified abnormal HR including both tachycardia and bradycardia as an increased risk for admission [18] .
Lower BP at admission was a risk factor for a prolonged LOS in this study. It may reflect the presence of systemic complications such as hypovolemia with concomitant systemic inflammatory response syndrome or sepsis. In addition, lower BP may be an indicator of the possible cardiovascular depressive effects from the ingested drugs [15] .
Low conscious level at admission was a risk factor for a prolonged LOS in this study. Patients with an impaired level of consciousness tended to have the more severe central nervous system dysfunction [19] . Comatose or semicomatose states may increase the risk for developing systemic complications including aspiration pneumonia. A previous study in Canada also identified an altered consciousness level as one of the predictors for admission to hospitals in patients with opioid overdose [18] . Elevated WBC at admission was a risk factor for a prolonged LOS in this study. Higher WBC may indicate the presence of systemic inflammation including aspiration pneumonia or other infectious complications. The admission WBC count may be a surrogate indicator for the presence of infectious complications which may warrant further workup for unsuspected infections. Alternatively, higher WBC may be caused by the more severe degree of stress from DO.
Although DO with psychotropics having cardiotoxic effects are among the most common causes of death [20, 21] , the majority of deaths occur out of hospital [22] ; consequently, in-hospital mortality rate is generally low, less than 2% [23] [24] [25] . Indeed, of 140 hospitalized patients with DO in this study, none died.
Prediction for LOS in patients with psychotropic DO is not simple. The hospitalization period in DO patients may be determined not only by central nervous system suppression effects from the DO itself, but also by the accompanied systemic complications. For individual complications in this study, aspiration pneumonia was the most common. Higher WBC can be a surrogate indicator for the presence of aspiration pneumonia at the time of admission.
The prevalence of DO creates significant demands on a healthcare system. In 2005 the Tokyo Fire Department reported 7152 patients with psychotropic DO over the metropolitan Tokyo area. Many of them were transported and admitted to acute care hospitals. During the same year, 171 drug overdose patients came to our facility by ambulance and private conveyance and 140 patients were admitted. During the same period the occupancy rate for the hospital approached 100%. Thus, despite the relatively short LOS for DO patients, a significant burden is placed on healthcare resources. The prediction rule developed in this study may be utilized for effective allocation of available inpatient beds. Low risk patients can safely be admitted to observation units of an emergency department for short-term observation.
There are a few limitations in this study. First, information on ingested drugs may not be inaccurate in terms of the ingredients and the quantity of the drugs. Accuracy can be improved by using urine toxicology screening. Second, we did not analyze the baseline mental state as a potential risk factor for prolonged LOS in this study. Psychotic patients may be at a higher risk for prolonged LOS than nonpsychotic patients.
CONCLUSION
Hospitalized patients with DO in a community teaching hospital in Japan have a fair discharge survival. Risk factors for a prolonged LOS in these patients included older age, increased HR, lower BP, altered mental status and elevated WBC. LOS may be predicted using a model developed from these simple clinical data. Alternatively, WBC could be used as a simple and quick tool. Further studies are needed to confirm the results of this study by external validation.
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